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I, Otto Ebnst Heinmch Klempeheh, 
a British Subject, usually known as Otto 
Kleini)erer, of 70, Syke lugs, Iver, 
Buckingliamaliire, do hewby declare tlie 

5 nature of this invention to be as 
follows:—' 

The present invention relates to appa^ 
ratuB for measuring low gag pressui'e. 
Apparatus for measuring low gas pi^- 

10 sure down to lO"* mm. mercury is known 
which includes an electron discharge 
device which is operated " in the atmo- 
sphere of whicJi the pressure is to be 
measured and which comprises a pair of 

16 cathodes for the emission of electrons and 
an anode for collecting electrons emitted 
from the cathodes, mean& being provided 
for establishing a strong magnetic field 
substantially perpendicular • to. the 

26 cathodes and to which the.anode presents 
a small collecting surface perpendicular 
to the direction of the field. In tfiia 
arrangement electrons emitted from the 
cathodes are caused to travel along spiral 

25 path? from one cathode towards the 
other, ihe axes of the spirals being almost 
parallel to the lines of force in the mag- 
netic field, the? electrons being reflected- 
repeatedly to and fro through the mapr- 

30 netic field before reaching the anode. In 
such apparatus the current between the 
cathodea and anode in the electron dis- 
charge device affords an indication of the 
pressure of the gas in which the device is 

35 immersed. Typical electrode arrange- 
ments in electron discharge • devices • 
: employed in apparatus of this kind are 
represented diagrammatieally in Figures 
la, Ih and Ic of the accompanying draw, 

40 ing, each of which figures shows the 
arrangement of electrodes in one form of 
device. 

In the form shown in Figure Iff. two 
plain disc-shaped eathotles C, and C- oi^e 

45 disposed facing each other with the 
collectinpj anode A of cylindrical form 
represented in section surrounding tJiem. 
A strong magnetic field is set up between 
the cathodes as indicated bv the arrow H 

50 which is coincident with the axis of the 
<jlectrode system. This ^ field is n-H 
necessarily absolutely unifom\, but is 
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approximately so. 

In the form shown in Figure lb a pair 
of annular cathodes and are 
employed with an anode A of rod form 
extending asdally through the central 
apertures of the cathodes. In this case 
the magnetic field extends substantially 
parallel to the anode A. 

In the form shown in Figure Ic the 
cathode^ Gi and Cj are similar .to those 
shown in Figure la, but the anode A is a 
simple ring disposed midway between the 
. cathodes. . ' ' 

The object of the present invention is 
to provide improved apparatus' for 
measuring low gas pressure of the kind 'in 
which an indication of the gas pressure 
may. be obtained by measuring , the cur- 
rent flowing between the cathode and 
anode of an electron disc harge^ device, and 
which will afford an indication of gas 
pressure below 10"^ mm., mercury. 

According to one feature of the present 76 
invention, apparatus for measuiing low 
gas pressure is provided comprising an 
elec&on discharge device? adapted^ to be 
immersed in the atmosphere of wluch the • 
pressure is to be measured, said device 80 
including, a cathode and an ^ anode in 
which said anode is substantially com- 
pletely surrounded by said cathode so as 
to be well shielded electrostatically by the * 
cathode^ and means for causing electrons 85 
to travel in long paths between^ said 
anode and said cathode^so. that suflicient 
ionisatio^ takes place in said ga^ to pro- 
duce a desired indicating current. 

In accordance with a further feature 90 
of the invention, apparatus for measuring 
low ffas pressure is provided of the kind • 
in which an electron discharge device is 
employed which is immersed in the atmo. 
sphere of which the pressure is to be 95 
measured and which comprises at least a 
cathode and an anode and means for cans, 
ing electrons to travel in long paths 
between said cathode and said anode, 
wherein an electrode, preferably said 
anode, is contaminated with or has a 
superficial coating of radio - active 
material so disposed that said material 
will come in contact with the atmosphere 
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^ of irMphjtlie pressure is to be measured 
A . wli^en: the apparatus is in use. 

in the preferred form of the invention 
tKe electrode arrangement of Tvliicli is 
6 illustrated in Figure 2 of the accompany- 
, , , ing^ ira-^ij^fiTj the smode A is of rod f om 
" ' coated Tvith radio-actiTe material such as 
, thorium oxide, and the cathode C coiii- 
- prises two* plain annular diaphta^s' 0, 
10 and disposed about the anode in the 
manner illuatrstted in Figure 16 above, 
but mounted one at each end of a cylin^ 
drical. member of conducting material 

* Tvhich. forms with the » annular dia- 
.15 phragm% and C^'a coinplete shield for 

the collecting portion of the rod anode. 

In order to afford the desired indication 
of gas pressure the eleeti^odes of Figure 3 
may be set up in the manner sho^m in 
20 Figure 3 of the accompanying di*awing 
within an envelope or tube T having* a 
' cylindrical bulb portion embracing the 
cathode C and fed with gas of which the 
pressure is to be measured through a tube 
Yi A solenoid M is disposed substan- 
tially co-axially Avith the cathocle C for 
providing an axial magnetic Aeld for 
causing electrons to traverse long paths 
throng the gas in the manner described 
above, Jbo. operation, the electron dis- 
ehargp device is energised from a suitable 
high tension source HT which is con- 
-.^nected to the anode A, through- a load 
I'csdsiiance B., and a microammeter /*A may 
35 be :connected in the ^cathode lead for 
- measuring the desired - current, ' while a 
voltmeter XV, preferably reading in MIo- 
volts, is provided for measuring the volt- 
age between the\anode and cathode, ^ - ' 
40 When a discharge device, of the kind 
shown in Figure 2 is employed the shield, 
ing which. is aiforded by the .cathode 
eliminates' deia?imental electa arising 
from field clisturbances: due to electro- 
45 static charges which develop on the glass 
walls of the housing T (Figure .3) when 
the apparatus is in operation, Furtfier- 

* more, any sputtering from the anode, 
wliich occurs during the operation oi fhe 

50 device only seiTes to cause deposition of 
• the metal on the .cathode .where it is quite 
harmless, whereas, in the case wiere the 
; anode A is unshielded; eputtered metal 
' from the anode is deposited on the glass 
65 wall of the envelope and thei*e constitutes 
r a fioui'ce of disturbance for the fi&ld within 
^the device. 
. It is preferred to provide a solenoid for 
es^tablishiug a magnetic field within the 
80 devico rather than to emrdoy a permanent 
: magnet arrangeinent. With the solenoid, 
current through the coil can be* readily 
' switched off when it is Jiot required to use 
the apparatus for pressure' ineasiirements 
65 so thai the magnetic field, can be easily 



removed at will, and will -not interfere 
unnecessarily Avith tJie operation of equip, 
ment to which the apparatus is connected- 
It is preferred to employ the device of 
the form shown in Figure 2, correspond- 70 
iuff to the known type (»f device &ho\vn in 
Figure 16, rather than to employ a 
device corresponding to such a type as 
that shown in Figure la or Ic as it i.9 
found that devices of the form shown' in 76 
Figure's, la and Ic are more sensitive in 
respect o( fiuctuations of the magnetiis 
field than devices of the type shown in 
Figure Ih and Figui-e 2. 

In a typical example of apparatus 80 
according, to tlie invention, a . device of 
the form sho^Mi in Figure 2 was employed 
in which the cathode C consisted of a 
cvlinder of IV (3.8 cm.) diameter 
formed of " Eureka (Registered Trade 85 
Mark) with two apertured diaphragms in 
its end 60 mm. apart, the apertures in the 
diaphragms being 6 mm. in diameter, '/ 
The anode A was a tungsten wire of 1 mm. ' 
diameter activated by being dipped' in 90 
thorium nitrate solution and warmed up 
gently so as to provide a thin radio-active 
coating of thorium oxide on the surface 
of the anode. This device T^as included 
in an arrangement of the form shown in 95 
Figure 3, wherein, the solenoid M was 
arranged to produce a field of about 360 
oersted along tlie axis of the device. The t;^- 
voltage applied to the anode A from the 
source HT. was in some oases as high as lOO 
8 K7. Gas pressure can be determined 
by observation of the reading of the 
micrQammeter /tA. . 

It is found that in apparatus for 
measuring gas pressure including devices fOS * 
.of the kind set forth above, if at least a 
part of one of the electrodes in the device 
nas a portion contaminated or coated with 
radio-active material, said portion coming 
iin contact with the atmosphei'e in which 110 
the device operates, it is found that the 
device can be put into operation in atmo- 
spheres in which the gas pressure is below 
10^ mm. mercury, much more rapidly 
and certadnly than is the case when none 115 
of the electrodes are so contaminated or 
coated. In the case of apparatus employ- 
ing a device having clean uncontaminated 
electrodes operating at gas pressures 
below that mentioned, great difficiilty 120 
may be escpeaienced in causing the dis- 
charge to commence,- the device some- 
times remaining quiescent while the oper- 
ating potentials are applied for periods of 
from five to ten minutes' duration at the 125 
end of which the discharge suddenly 
commences. This is, of ooiirse, objection- 
able ii\ cases where the apparatus is 
required to give readings rapidly. How- 
ever,- if one of the electrodes is contamiu- 130 
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ated Or coated \ritli radio-uctive material 
iu the mauuer suggested above, the radio- 
active matci'ial emits a or ^ rays con- 
tinuously, ^rllicll ionise? the igasj sufficiently 
5 eo that when operating potentials are 
applied to the electrodes, the device 

Sriines \rith not more than a 'f ew jseconds 

In the apparatus described' in detail by 

10 way oi illustration it \va8 foimd that for 
small cun^ents up to about 50 microamps 
the current passed',-.by' the discharge 
through the device yihis proportional to 
the gas pressure in. tlie device ; for larger 

16 currents, however,* it was found that, as 
the gas pressure increased, the current 
increased ratheip-more rapidly than tJie 
gas 'pressure. ..Thus for practical use 
apparatus- according to the invention 

20 must be calibrated and a calibi'ation cui-ve 
finished. A series of siich curves can be 
provided for any , particular apparatus, 
the various curves, corresponding to vaii- 
ous sensitivity ranges. 

25 Tn employing appai*atus 'according to 

• the invention it has been found that when 
very high discharge currents are pro- 
duced the device tends to absorb an 
appreciaMe amount of gas. the amount oi 

30 absoi'ption being uncontrollable. * Thus, 
it is preferred to operate the apparatus by 

* noting the anode voltage required to pro- 
duce a fixed small discharge current, for 
example. 10 microamps, and- the indica- 

35 tion of the meter KV is used to afford the 
indication of the gas pressure. Two 
typical calibration curves are shown by 1 
and IT in Eigure 4, in whicK anode volt- 
age is indicated vertically in kilovolts 

10 and gas pressui'e in mu mercury (thaf. is 
mm. mercury X lO-*), the abscissae for 
curve T being shown in the scale above 



tile curve and the abscisscp for cmve II 
being shown in the scale below the curve, 
all the scales being, loganthmic. Tiie 45 
form of the cuitcs I and II is represented 
with about 30 per cent, accuracy by the 

empirical formula p= where p is 

a(T—by - 
the pre5s:ui^fe mfi of mercuiy, I is the cur-- 
rent passed by the discharge device in 50 
microamps, Y is the anode voltage in Icilo. . ' 
volts and a and b are, constants which for 
tho particular example described above 
were found to be 2 and 1 respectively. 

The form of calibration curve was o5 
found to be little aifected by changes in 
the diameter of the anode, the internal 
diameter of the diaphragms Ci and and 
the diameter of the cylinder Z or tho 
s.trength of the magnetic field. . 60 

, Apparatus according to th© invention 
IS particularly suitable for measuring the 
vacuum in a tube which is being 
exhausted and, unlike the McLeod gauge, 
it may be- employed to indicate vapour 65 
pressure as well as gas pressure. 

As compared with the hot filament- 
iype of ionisation gauges, gauges of the 
kind to which the . present invention 
relates appear to have the advantage of 70 
not needing careful degassing by baking 
or eddy-current heating of the electrodes. 
After being evacuated from atmospheric 
pressure, these gauges may be degassed 
sufficiently by running them for about a 75 
minute, in good vacuiun such as the 
vacuum to be measured with compara- 
tively large currents of about 1 miiliamp. 

Dated this 2nd day of Eebruaiy, 1942. 
- . P. "W. OxiGKETT, 

. Chartered Patent Agent. 
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I, O-rro EiiNST HEiNnicii Klkmpebku, 
80 a British Subject, usually known as Otto 
Klemperer, of 70, Syke Ings, Iver, 
IhicJcinghiunshire. do heiieby declare the 
nature of this invention and in what 
manner the same is to be performed, io 
86 lie particularly described and ascertained 
in and by the following statonient: — 

The prosout invention relates to 
apparatus for measuring low gas 
])ressuiv. 

00 Apparatus fur measuring low gas l^res. 
sure down to 10-* m.m*. mercxny ^ is 
known, see, for example. Patent Specifi- 
cation No. 474,845, which includes an 



electi*on-di.scharge device which' is 
operated in the. atmosphere of which the 95 
pressure is io be measured and wliieh 
comprises a x)air of electrodes which 
seiTB as cathodes for the eniis.sion of 
electrons and an electrode which serves 
as an anode for collecting electrons W) 
emitted from the cathodes, means being 
IHovided for establisliing a strong mag- 
netic field substantinlljr perpendicular to 
tho cathodes and to which the anode pre- 
sents a small collecting surface per- 105 
pendi<5ular to the dii-ection of the 
field. * In this arrangement the cathoHe 
is* heated bv ionic bombardment was to 
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cause the ^inissiou of electrons tlierefrom . 
the electrous emitted horn the cathodes 
axe cauaed to travel along helical paths 
from one cathode towards the other, the 

6 axes of the Jielices being almost parallel 
to iihe nines, of force in th« magnetic £eld, 
the electrons being reflected repeatedly 
to and fro through the magnetic field aaid 
. fi^iially reaching the anode. In such 

10 apparatus . the current between the 
cathodes and anode in the elejstron- 
discharge device affords an indication of ^ 
tiie pressure, of thfe gas in which: the 
device is immersed. Typical electrode 

16 arrangements in . electron-discharge 
devices employed in apparatus^ of this 
kind are represented diagrammatically in 
Figures la, lb and Ic of. . the dra^nng 
• accompanying the Provisional Speoifica^ 

20 tion. • _ . ^. , X- 

- In the fonn^ shown m Eigure la, two 

Slain disc-shaped cathodes Ci and Cj are 
isposed facing each other/ with, the 
collecting anode A of cylindrical form 
25 represented in section surrounding them. 
' A strong magnetic field is set up betwem. . 
the cathodes as indicated by the arrow 11 
which is coincident with the axi^ of the 
. electrode . system. This -field is not 
* 30 necessarily absolutely xuuform, . put 19 
approximately so, \^ ^. , , • 
In the form shown m Figure 16 a pair 
of annular cathodes Cx and Og are 
employed witt an anode A of rod-form 
extending aadally through the central 
apertures of the cathodes. In this case 
the nftkgnetic field' extends subst^tially 
parallel to the anode A. 
In the form shown in Figure Ic the 
40 cathodes and 0^ are similar to those 
^hown in Figure la, but the anode A is 
a simple ring disposed midway between 
the cathodes. In this case the xnagnetic 
field extends substantially osially of the. 
45 anode. , . . , , 

The object of present mvention is 
to provide improved apparatus which will 
afford an indication of gas pressure below 
10-* mm. meircuiiy. ^ . 

50 According to one feature of the pre- 
sent invention, apparatus for measimng 
low gas pressure is provided comprising 
an electron-digdiarge device adapted to 
hftinunersed in tlie gas ?f ^^^ich the 
65 presaui-e is to be measured, said device 
including a first electrode capable of 
sei-ving as a cathode and a second 
electrode capable of serving as an anode 
and means for causing electrons to 
no travel in long paths between said hrst 
~ electrode and said second electrode flo 
that sufficient ionisation talces .place "i 
said gas to produce a desired indicating 
* current, said first electrode being in the 
65 fom of fi substantially closed shell and 
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said second electrode extending within 
said shell so that the space in which said 
ionisation is i^roduced is electrostatically 
shielded by said first electrode. 

In acco£dancQ with a further feature of 70 . 
tihe invention, - apparatus *' {or measuring 
low gaa ipressure is provided of the hind 
in which an electron-discharge device is 
^ployed which ia adapted ' tiij,, be dan- 
mersed in the ga^ of which the^^ressure 76 
ia to bQ imeasured, eaid device including 
a 'first electrode capable oi serving as a 
cathode and a second electrode capable of 
serving as an anode and means for cahi^ 
iug electrons to travel in long»patjha tfe^SO 
tween said first electrode and said secpn4H?=" 
eleictrode i<ff pajoduomg sufficient ion- 
isation in said gp^ to aftord said indviat- 
ing ouxrentsj i^aid device having radio- 
aoiSve material so disposed tJiat radiation 86 
from said material will enter tihe space , 
within -which said ionisation takes place. - r^. 

In order that "flie .invention macK ,1^® 
clearly understood aiad readily carried 
into -effect, ihA same wiU now be mor^ ©0 
fully descidbed with reference by way of 
example to Fiffnres 2, 3 and 4 of the 
drawing accompanying ihe Provisional 
Specification wnerein: • 
' I^gui:© 2 is a diagrammatio representa- 
tion of an unproved electrode axrang^e- 
ment in accordance with the •present in- 
vention; " "4. 

Figune 3 is a diagrammatic representa- . 
tion of ihe eleoferical circuit of apparatus 100 
* according fo the invention; and r 

Figure 4 eihowja characteristic curves \ 
obtained in operating the apparatus form, 
ing the subject o£ Figure 3; and refer- 
ence will also (be made to tiie accompany- 105 \ 
ing dirawing of Figures axe . ^ 

munbered 5, 6 and 7 \for convenience and , . 

each «how a suitable electric circuit 
arrangement for use with apparatus in ; 
accordance witli the present invention. 110 

In the electrode arrangement ulus- 
trated in Figure 2 of the drawing- accom- 
panying the Provisional Specification, 
Hie eleetrode A wihich serves as the anode 
is of rod form and the electrode 0 which 116 
servea as iihe cathode comprises t^o plain - 

annular diaphragms 0^ and disposea 
about tTii& anode in the manner illustrated 
in Figure 15 above, but mounted one at 
each end of a cylindrical membei: Z of Ui) 
conducting material which forms witH 
the annular, diaphragms 0, and d a 
complete Aiield for the collecting por- • 
tion of the anode A.^ The anode A is 
coated witli radio-active material sucJi asl/s , 
iihorium oxide. , . • t ' " 

In order to afEord the desired indica- 
tion of gas pressure the electrodes of- 
Figure 2 may be set up in the manner 
shown in Figure 3 of the drawing Qccom- W*' 



panyiiiff the Provisional Specificatiou 
witiiiii uu enyelope or tube T having a 
cylindrical biilb poa'tion vMck emlnraces 
the cathode C and is connected Avith the 

b. tipaoe in which the gas pressure is to be 
measured through a tube V. A siaienoiil 
M ie disposed subsfentially co-axially 
with the cathode 0 for providing an axial 
magnetic fi-eld for causing* electrons to 

LO traverse long paths through the gas in 
the manner degerilbed ubovis.; The anode 
A is connected through a load resistance 
to the positive pole of a high tension 
sotirce H.t., the negative l>ole of whicli 

L& is earthed, the catfliode O is eaa-thed, and 
aniicroAmnieter/iAniaybeconnet»ted intlie 
cathode lead for measuring the desired 
current, -while a voltmeter KY, prefer- 
ably reading in kilovoUs,^is provided for 

20 measm-ing t^e voltage between the anode 

and cathode. , . ^ xi i ♦ i 

When a dischai-ge device of tJie Jcin<l 
«hown in Figui-e 2 if\ employed the 
shielding which is afforded hy the 
25 catliode eliminates detrimental efiects 
arii^iug from field disturbances due to 
electrostatic charges which develop ou the 
glass walls of the housing J (Figure 3) 
when the apparatus* is in opea-ation. 

30 Furthennore, any sputtering from, the 
anode, which occui's duiiug the operation 
of fflio device only seives to- cause deposi- 
tion of the metal on the catliode where it 
is quite hannlejiS, whereas in the- case 
35 where the anode A is unshielded, 
sputtered metal from the anode is 
deposited on the glass wall of the envelope 
and there constitutes a source of <lisl;uxb- 

. auce fojr tSie field* within th"(i device 
40 It h prefeiTed to provide a soleuoid for 
establishing a magnetic field within the 
device rather than to employ u per- 
manent magnet an-angement, because 
with the solenoid, current thvaugli tdie 

45 coil can be readily switched oft* when it 
is not required to use the apparatus for 
in-essure measm-emeuts. Thus the mag- 
netic field can be easily removed at will, 
and will not interfere unnecessarily witli 

50 the operation of erixiipment io which tht^ 
apparatus is connected. , , . £ 
It is prefeiTed to. employ the duvtce of 
the form shown in Figure 2,^ correj^pond- 
ing to the known type of di'vici^ shown in 

66 Figure Ih. rather than to em])loy a dcA-Jcc 
corresponding to a typtv such as tJiat 
shown in Figure \a or lc% as it is found 
' that devices of the form sht^wn in Figures 
la and Ic are more sensitive in rcspe<*t ot 

60 fiuciuatvons of the magnetic field than 
devices of the type shown m liginv l/> 
and Figure 2.. , , ' x 

In a tvpical i^xamplc of appaiatiir* 
according to the invention, a device ot Ibc 

05 form sImwh in Figure 2 was emj)loycd i" 



whidi the • cathode (J consisted of a 
cylinder of 3,8 cm diumeter formed of 
- Eureka Eegistei^ Trade Mark, wit]i 
two apertured diaphragms in itj^ end 
GO mm. aijart, the apertures in tSie dia- 70 
jphi-agms being 6 mm., in diameter, ' The 
anode A was a .tungsten tvire oi 1 nun, 
diametei- activated: by being dipped ui 
thorium nitrate solution and warmed up 
gently so as to piwide a. than radio-actrve 75 
coating of thorium nxide on the surface of 
the anode. This device was included in 
an aiTaugement of the form sho\rn in 
Figure 3, whea'ein the solenoid M waa 
ammged to produce a field of about 260 80 
oersted along the axis afi the device. Thtf ' 
voltage applied to the anode A from the 



source HT was in some cases as high as 1 
S KY. Ga^ pressure can. be determined 1 
by observation of the reading of. the micro- l8& 
ammeteir fxA. f 

It is found that if at least a part of 
one of the electrodes in the device has a 
portion within the space in which ion- 
isation ooours contaminated or coated with 90 
radio-active material , the device can be 
put into operatiion in atmospheres in 
which the gas pressure below 10"^ mm. 
mercury much more rapidly and certainly 
than is the case wh=en none of the elec- 96 
trodes are so contaminated or coated. For 
example, in the case of apparatus employ- 
ing a device ha\'ing clean uncontaniinated 
electrodes operating at gas piressure* 
below that mentioned, great difficulty 100 
may be experienced in i^aiisinj^ tile dis- 
ohiirge to commence, the . device some- 
times remaining quiescent while- tJie 
operating potentials are applied- for 
periods o^ from five to ten minutes 105 
duration, at the end of Avhich the dis- 
charge suddenly commences. This is, of ~ 
course, objectionable in cases? where the 
apparatus is requiiHid to give readings 
rapidly. However, if one of the electrodes 110 
is contaminated Or coated with radio- 
active material in the manner suggested 
above, the radio-active material emits <t or 
13 rays continuously, and tlicse rays ionise 
the gas sufficiently so thiit when oi>erat- 115 
ing poteutiaUare applied to the electrodes, 
the device immes ^riUl not more than a 
tew seconds' delay. ' 

In the apparatus described in detml by 
wav of illustration \i \yUH. imiul that for 120 
small ciirrentc* up to about* oO-niicroainps 
the current passed' by the disi-harge 
through t^ie deyicc ^^-:rs ])roiiortional to 
the gas prcssuie in the dc^nce; for larger 
currents, however, it was found that, as 125 
the gas pressure iiicreusiMl, ihc currtiut in- 
creased rathor nmre rapidly tlian tlie gaj\ 
pressure. Thus for ])n\ctical u-e appa- 
ratus arcowling tn the iuvenliou must be 
caliH'ated and a calibration curve 130 
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furnished. A aeries q(f atioh cui'veQ caa be 
provided ior. any particular apparatus,, 
lihe voriauQ cnlrvea* carresponding; to 
T^Qns sensitivity, ranges* 

5 In employing apparatus according to 
the invention iii hja^ been found tbat when 
very high disdxaig'e cunrent© are produced 
tke device tendft to ebsoih an appreciable 
amount o{ gaa, t^© amount of S/baorp1ipn 

10 being' nncQntrollabfe. Thus, it is pre- . 

* -fared to operate tJie apparatus' by noting 
the anode volta^^ required, to produce a 
fixed ^all digohargo curren^ for 
example, 10 mi(aroamps, * and the indica- 

16 lion of the metei: ET is used to afford 

" , indit?ati(?n <d the gaa pressure. Two 
typical calibration curves are shown by I 
and II iA I%ure 4, in ^fihiok anode volt- 
age is indicated veprticaUy .in ^^loj^lts 
. 90 and ga^ pressure in /onrns, onereury (tnat 

' is mm^. meccury X 1<>"*) h iadicatea hori. 
' zontally, tha abscissae for cuarv^s I being 
shown dn the scale above? the curve. and 
"the a;hecifis» for curve. II being shown in 

25 l2be scale -below the curve, all the scales 
' being logarith^nic.. The- form of the. , 
curves I and II is represented wiiji about 
30 per cent/, accuracy by the empirical 

.1 ' / 

formula p- —t whore p is the 

30 pressure in fmms. at "mercury, I is tne 
current passed by the discharge device m 
mioroaiips, V is" the anode voltage m 
kilovalts and a and h are constants whioli 
lor the partioular ecsample describe above 
were found to be 2 and 1 respectively. 

The- form fif th^ calibration curve was 
found to be little affected by change^ in 
the diameter of the anode, the Jiitemal 
diameter o^ tbe diaphragms Oj and C3 ana 
the diamefc€3: of the iaylinder Z or the 
strenfffch oi iibe magnetic fi'eld« 

Apparatus according to the inyeution 
is ^particularly suitable for measming the 
vacuum in a tube whiich is.being exhausted 
and, nnlike the MoLeod gauge, it may be 
employed t» indicate vapour pressure as 
well as gas pressurei. ' l 

Aft compai^ filament- 
' • type of ionisation gauge, gauges of the 
50 2nd to which the present invention 
. relates appear to hav« the advantage ot 
* not needSng careful^ deigasing by balang 
or eddy-current heating of the electjrpdes. 
After being evacuated fi'om atmospheric 
56 pre^uie, these gauges may be degased 
.auffioiently by mnning* them for about a 
minute iii good vacuum siich a<> tiie 
vacuum to be measured with comijava- 
tivelv large currentj; of. about 1 milhamp- 
80 The arrangement illustrated m Figiue 
3 9ia§ the* disadvantage that the nucin- 
ammeter ;.A is aii-anged in the <?athc«le 
oitcuit of the pressure measuring device. 
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As this is fed from a very; hig;h voltage 
source, tiiQ mieroammetea: is liable tct be 66 
subject to excessive voltage and be burnt 
out. Accordingly it is preferred ^ to 
em^^loy, in oonjunctiogi with a measuring 
device in accordance with, the invention, - ' 
measuring or indicating circuits such as 70 
those shoT«3L in Kgures 6, 6. a;nd 7 of • 
the accompanying:, drawing, in which the 
microammeter is replaced by a cheaper and 
morQ rolbust miUiammteter which is 'pp^- 
tected from excesaive voltages or in w£ioh 76 
a current reading instrument is dispensed 
with completely. 

In the eironit illustrated in Kgure 6 , 
of the drawing the anode of the device 
according- tti i£s inv^tion is connected 80 
directly to the positive pole of the high 
tension source which is not ahoT^, but 
whidh is represented -by the plus sign }n 
the drawing, the cathode of the device • 
beinjf connected to earth throun;h a high 85 
resistance N of 5. megohms and 'the load^ 
resistance E which may have, for 
example, a- resistance of 100,000 «. The . 
resistance N is provided for safety. The 
' junciSon, of xeaistanceq iNT and R is con- go 
nected to ie control cathode of a 
vaiiable-mu valve Vj.in the cathode lead 
of which the microainmetei: mA is con- 
nected. The anode of the valve Vi is con- 
nected to a source of positive potential 95 
through a suitable load resistance Bj and 
may., be provided with a suitable grid- ; 
-biasing? arrangem^t, not sh.own in the ... 
drawing With the arrangement' of 
Eigure 6, if the measui-ing device AO is iQO 
.operated at constant voltage the whole 
range of gas pressures betwe^ about X0~ 
and 10"* mm. mercuiy can be read on the ;^ 
scale of the milliammeter niA, and the 
aixangement can be u§ed for affording a 105 
rapid indication of the state of the 
vacuum to be measui'ed. 

In the aa-ran"iement shoAvn in Ifigure 6 
the circuit of the device AC is simUar to 
. that shown in Figme 5, but the load HO 
resistance R is given a higher value, for 
example, it may be of the order of a 
megohm and the cathode C is connected 
through resistance S of the order of a 
me^rohm, provided foa- safety reasons, to Ho 
the control-grid of a hi^h. slope triode 
valve Va of which the cathode lead 
includes a milliammeter mA in series with . 
an adjustable load resistance Ra of 
10,000 ohms approximately. 120 

It ^vill fee seen that in the arrangement . 
of Eigure 6 the valve is connected so 
as to operate as a cathode ^follower valve. 
Thus the potential of the cathode of valve 
Ya will follow that of the c'ontrol grid of 125 
the valve and will be sulstantially the 
same as that of the junction of re«iistan(«e 
N and resistance R. The current through . 
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reautaQCQ Ba and milliaonmeter mA will 
thus be auhstwtially proportional to but 
nijany j^ea larger than the ourrent 
trough tbe measuring device AO.. To 
6 ofioid m indication of the desired 
vacuum if is preferred tP provide a volt- 
meter such as KT in Figure 3 for indicat. 
ing the vpltase across the measuring 
device, lihis vdltag® l»mg adjusted^ till 
10 the milliamnxeter mA. gives the paitiular 
indication caicrespooddi^ to a current ' of 
10 microamperiiS through the device. 
This arrangement is preferably first 
calibrated wiiJi a mioroammeter. corr'e- 
16 spending to the mioroammetear /lA. of 
Pigure 3 in series witih i!he_device AO, 
the microammeter ' being "subsequently 
removed from circuit. - 
I«f -desired, the current measuring 
20 instrument mA of Kguxe 6 may be dis- 
pensed with and a visual igdicatoac em- 
ployed instead as dhown in Figure 7. W 
this case the cathode C of the device AO 
is connected through a Jarge protective 
2B resistance S, again of the order of a 
megohm, to the giii of a triode valve Ya, 
the anode of whioh is' connected to a' 
source <if positive potential of the order 
of, for. example, 200 volts, through an 
30 anode load resistance ^yhich niay be of 
100,000 ohms. Connected between me 
anode of valve Ya and earth is a potenti- 
oiiieler ie.4stauce P, which may be of the 
order of 4 megohms. The visual indicator 
or ME, w'hicih may iba a visual tuning 
indicator of the kind known as a " Magic 
Eye such as is described, for example, 
in specification No. 481,790, is connected 
to a tapping on the potentiometer 
40 resistance P, the tapiping being arranged 
80 that the annular iiuninouft pattern on 
the device Mil just closes when the current 
through the gauge AC has a particular 
value*, for example, 6 microamps, and tUe 
dK f?*a pressure is determined by mieaftuxing 
the voltage across the gauge AO when tJie 
pattern on the indicator ME just ©loses. 
It is prefeiTcd to operate the device ME 
to cause the pattem just to close when the 
50 deaii-ed cuiTCiut is passing through the 
gauge rather tlian to cause the pattea*n to 
contract a^ it normally does to afford a 
resonance indication in a radio receivM', 
since a mor.e critical adjustment can be 
5S obtained when the pattern is. caused to 
close. As' in the case oi the aiTangenient 
of Figure 6, the arrangement of Pigure 
' 7 sliould be calibrated a micro- 

amiuetei- in seizes, witih the device AC, and 
60 a jack J may be provided to enable the 
microammeter to be inserted iu the circuit 
whenever it is desired to do so for the pur- 
pose of recalibration. Fui-thermore, m 
' the aiTangement of Figure 7 no voltmeter 
66 fnioh a? KV of T^gnvo fi is providod for 



m€^aeuring the voltuge acioss the device 
AC, but the current for t!he device is fed 
from a high voltage source PU, the 
pa'imai*y circuit of which may include, f oi: 
example, tihe primary winding of a ti*ans. 70 
fomer of •appropriate step-up ratio, and 
the voltage applied to. this circuit is 
deriyed from a potentiometer IP of which 
the position of the slider is observed 
against a scale wihich may 'be calibrated 75 
to indicate directly gas pressure .in the • 
gauge in mm, mei:cury. Preferably the 
potentiometer IP is so woxind or. otherwise 
.formed that at low voltagei^ the rate of 
voltagie valuation with movement; of the 80 
dider is leas tlxan at. high voltages. The ^ 
pow^ unit PU nxay be fed from a suit- 
able mains supply SO, the voltages or the 
tapping of potentiometer IP thug, being 
quite low. .^85 

With the aiTangement of Figure 7 it 
may be necessary to check the calrba-ation 
of potentiometer. IP fi'om tiine to time and 
this may . be done by inserting tbe micro- 
ammeter in the jack J- The slider on 90 
potentiometer IP is. then adjusted so that 
when indicator ME affords . the desired 
indication, the position otf slider on 
potentiometer IP indicates a gas Ta*essure 
corre^nding to a known gas pressure' in 95 
tihe device AO. ' / . ' 

I am aTirare that in the specification of 
Pat^t No. 474,846 apparatus including 
a device of the form shown in Pigure lo 
of the drawing accompanying the Pro- 100 
vii^onal Specification, of the present 
application, is described in detail and it 
is stated in the.lxrior specification that a 
device can be employed having 00-axial 
cylindrical electrodes, iHowevSr, in the 
prior patent specification it is not sug- 
ges.ted that the cathode should surroimd 
tihe anode, neither is it suggested that the 
cathode should be in the foi^m of a sub- 
etantiaUy closed diell. HO 

I am also aware that in patent specifica- 
tion HTo. 49.3,274 ^vhich is a patent of 
addition -to Patent No. "474,845 the 
cathode of the device consists lat least 
partly of thorium or zirconium. * This is 115 
said to increase the sensitivity of the 
appiviutns and make lie cnthode ignite 
more easily. It is to be imderstood that 
in the present case claim 2 is to be read 
ys cxchuljug apparatus having a cathode 120 
fonned wholly or partly -of thorium or 
zirconium. 

Having now particularly <lescnbed and 
asceitained thi* nature of my said inven- 
tion, aud in what numnev the same is to 126 
1)6 performed, I declare that what I* 
claim is: — 

1.' Appi^ratus for measuring low gOi? 
pressure comprising an electron-discharge 
dwripo adopted io bo Imiumed iu Iho gas ISO 
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of wli'icli the pressure is to be joieasm'ed^ 
suid device iiicludiDg a Bxat elecfarode 
capaiblQ of ^eiTing^ a catJiode. ' aud u 
second electode capable of semug- as an 
5 anode and means fi^r causing^ elec&ouji to 
ti'avel iu long: patlis betwiee'u ^aid firsil 
electiKide aad said second electi:od<» for 
producing* ionization in said gas to afford 
an indicating; cui^-ent, said £r§t electrode 

10 b.-eing' in tJie loiin of a &ubst<intially * 
closed sbell and said second electrode 
estendinig- Tritiidu said slieU so tkat tbe 
space in Triicb said ionisation is produced 
is electro^taticaUly sbielded by said first 

16 electcod©. ^ • 

2. Appai:atus for nieasuring^ low gag 
pressure ccmipri^ing an electron-discliarge . 
device adapted to he immersed in the gas 
of Trtidi tile pressure is to be nieasui'ed, 

20 said device including a first electrode 
capable of Jiei'ving' as a catbode and* a 
second electrode caipable of seizing a§ an 
anode and m«ans for, causing- electrons to 
travel in long- paQis between said first 

25 electrode and said second electrode for 
producing: ionisation in said ga? to afford 
an indicating^ eui*r«it, said device having 
radio-active material so disposed tbat 
radiation from -said matei'ial \viH enter the 

30 s]>ace wiijliin wbicU ^aid ionisation takes 
place. 

3. Apparatus accordingr to Claim 1 
or 2, wberein said fii^t electi-ode is of 
cylindrical foim laving its end^ substan- 

35 tially closed by ti\-o diapbragms said 
second electrod© extending: vdtbiu said 
first electi»ode co-axially tbereu*ith. 

4. - Apparatus' according to any of tbe 
preceding claims,, including- au iiulifut- 



ing' device for indicalingr tlie cmient 41 
tb^ugihi ^aid deyice and arranged so as 
not to bd traversed by said current. 

5.^ Apparatus acco^ling to Ulaim 
wkereisi %aid iudicai^g: device is con- 
nected in the output curcuit of an electron. 4. 
di$cl^£a*ge device wliicdi ie arranged to 
res'pond to said cui*n*ent. 

G. Appaititue according to Claim 4 or 
5, Avbereia isaid indicating devicse is 
capable of affording a particidar indica- 5 
tion wben said ciUTeut is o.f a predeter- 
mined value and indicating means are 
]>rovided for affording an: indication 
related to tbe voltage applied between said 
iii'st electrode and siiid second electrode, 51 
said indicating meana 'being arranged to 
be adjusted to vai*y said voltage to cause 
said indicating device to afford said par- 
ticular indication M-bicb is independent of 
the gas i>i:essure, tbe setting of said 5 
indicating means wben so adjusted tben 
affording an indication ot th© pressure to 
be measured. 

7. Apparatus according to Claim G, 
■wherein said indicating device is an ^ 
indicator oE tflie magic eye type. 

S. ApparatiL<? for measuring low gas 
pressure r^ubstantially- as herein desci'ibed 
with ref ei*ence to aud a^ shown, in Eigiu'Cs 
2 and 3 of the di^awino- accompanying the 7< 
Provisional Specification said apparatus 
including if desired an indicating- circuit • 
substantially as herein described ^v^th 
reference to Figure 5. C or 7 of the accom- 
]janying drawing. ' 7- 

Dated this 29tb dav of January, 194;3. 
P. W. CACKETT, 
Chartered Patent Agent. 
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